Diesters derived from 4-L-hydroxyproline and malonic, succinic, glutaric or adipic acid are 
Introduction
L-Proline (1) was used in the last decades as a catalyst in several asymmetric reactions [1] [2] [3] [4] [5] such as the Robinson annulation, [6, 7] the aldol reaction [8, 9] and the stereoselective Mannich reaction. [10, 11] Proline catalyzes also an unconventional dihydroxylation reaction via the aldol reaction of -hydroxyketones and aldehydes to
give -dihydroxyketones. [12, 13] L-proline has important advantages over other organocatalysts in many aspects; its small size, rigidity, the availability in pure form and its cheap price. [14] The proline catalytic behavior is believed to be a result of the formation of an enamine intermediate ( Figure 1 , structure X). The hydrogen bonding between the COOH group of proline and the carbonyl group of the ketone has the responsibility to affect the stereoselectivity in the aldol reaction. [6, 7, 10, 15, 16] The trans-4-Hyp (3) and some of its derivatives have been studied in the last fifteen years. [16] [17] [18] [19] Al-Momani has reported the catalytic behavior of L-proline (1) and the four hydroxyprolines (25) in Knoevenagel, aldol, Mannich and Michael addition reactions. [20] The study showed that the catalytic behavior of all catalysts (1-5) is almost similar (Scheme 1). This promotes us to modify the structure of the Hyp's to study the diversity in the structure and the behavior which could be obtained. [20] Thus, the idea was to couple some of these Hyp's with ferrocene derivatives.
Scheme 1: Structures of the catalysts L-proline (1) and hydroxy-L-prolines (2-5).
The enantioselectivities of the O-ferrocenylhydroxyproline conjugates were lower than that observed in the case of proline and the hydroxyprolines themselves.
This could be attributed to the free rotation around the Fe atom. The interesting finding in that study was the capability to invert the enantioselectivity by using different
Hyp's, [21] a subject that needs more investigation. Enhancement in the stereoselectivity and efficiency was observed by using chiral diamines, [22] di-, tripeptides [23] and polypeptides [24] as catalysts for asymmetric aldol reactions. The coupling of Hyp's with diacid linker was suggested in this work. The results should be compared with the catalytic behavior of proline (1) and the hydroxyprolines (2-5).
Experimental

General
All reagents used were of analytical grade. Solvents were dried by standard methods if necessary. TLC was carried out on aluminium sheets precoated with silica gel 60F254 (Merck). Spots detection was accomplished by UV light ( 254 nm).
Preparative column chromatography was carried out on silica gel 60 (Merck, 40-63 μm).
1
H-NMR spectra were recorded on an AMX400 (Bruker BioSpin, Germany). 
General Procedures (GP) Benzyl ester synthesis (General procedure GP1)
The free acid (A or B) (1.0 eq) was dissolved in 10 mL dry THF. The solution was cooled to 0 °C. Triethylamine (2.0 eq) was added to the mixture. Afterwards benzyl bromide 
Steglich esterification (General procedure GP2)
To a solution of diacid (8-10) (7) were reacted according to the preceding general procedure GP2. 
Reductive cleavage of Z-and Bn-protective groups (General procedure GP3)
Diester derivative (11-16) (1.0 eq.) was dissolved in MeOH. The catalyst Pd/C was added in a small amount to the mixture. H 2 gas was pumped into the reaction medium through a balloon. The reaction was followed by TLC. The product is very polar and UV inactive. The reaction was complete in 20 min. H 2 O in equimolar amount to methanol was added to the mixture, which was subsequently filtered and the solvent evaporated to get the free amino acids (17) (18) (19) (20) (21) (22) 
Results and Discussion
The free acids A and B were protected by esterification in the presence of benzyl bromide and triethylamine (TEA) to give 6 and 7 in good yields of about 80%(Scheme 2). [25] Compounds 6 and 7 are linked with different diacids in symmetrical dimers to study the effect of the derivatives on the asymmetric aldol reaction.
Scheme 2: Steglich esterification of hydroxyprolines derivatives A and B.
Malonic acid, succinic acid, glutaric acid and adipic acid were suggested as suitable candidates. Hydroxyproline derivatives (11) (12) (13) (14) (15) (16) were achieved via the Steglich esterification in a yield of 17-75%. [26] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) was used as a coupling reagent in the presence of catalytic amount of 4-dimethylaminopyridine (DMAP) in a solution of DMF/CH 2 Cl 2 as indicated in Scheme 3.
Scheme 3:
Coupling of hydroxyproline derivatives 6 and 7 with diacids 8-10.
The reaction of compounds 6 and 7 with glutaric acid under the same conditions afforded the cyclic acid anhydride rather than the desired diesters (Scheme 4). 
Aldol reaction
The intermolecular aldol reaction of p-nitrobenzaldehyde 23 and acetone 24
( Scheme 6 Table 1 ). In contrast, increasing the length of the linker resulted in lower er and ee values in the case of the cis-4-Hyp derivatives (20-21, entries 7-9, Table 2 ). The reaction was repeated using different catalyst concentrations; 1%, 20% and 40% mol. Table 2 summarizes the results using 20% mol of the catalyst. Catalyst [b] Conversion (%) [c] er [d] ee (%) [d] Isomer 1 [20] The highest reaction conversion was recorded in the case of the malonate moiety as linker (17 and 20, entry 4 and 7, respectively, Table 2 ). The trans-4-Hyp derivatives (17) (18) (19) show higher ee values than the cis-4-Hyp derivatives (20) (21) (22) . A significant improvement in the ee of the aldol reaction was observed by using catalysts 17-22 (entries 4-9, Table 2 ), compared to the catalysts 1, 3 and 5 (entries 1-3, Table   2 ). [20] While no significant change was observed on the ee values upon increasing the catalyst molar ratio, an appreciable increase of the percent conversion was achieved (Table 3) . Therefore, with 1% mol catalyst, a dramatic decrease of conversion and ee value was observed (Table 4) . 
Conversion
(%) [c] er [d] ee (%) [ 
(%) [c] er [d] ee (%) [ The catalytic behavior of catalysts 17-20 was tested in aqueous solution using acetone/brine as solvent. Mostly, the S-isomer was obtained with low conversion and ee value (Table 5) . 
Conclusions
Hydroxyprolines show low stereoselectivity towards asymmetric aldol reaction.
Modifications on the hydroxyl group of the hydroxyprolines affect their efficiencies and stereoselectivities. The concentration of 20% mol of organocatalysts 17-22 proved to be the optimum to get high conversion percent and enantiomeric excess (ee), which could rise from about 55% ee for hydroxyprolines 3 and 5 to about 84% ee for the derivatives 17-22.
